ABSTRACT Studies in New York and Pennsylvania compared egg mass recruitment and larval survival on corn and other hosts of the European corn borer, Ostrinia nubilalis (H[umlaut]ubner), to assess the potential of these plants to act as a refuge in a resistance management program. Assessments were made on replicated plantings and natural plant stands in the Þeld and under controlled conditions in the laboratory. Scouting of mixed Þeld plantings revealed more egg masses on corn than any other crop or weed species. At least twice as many larvae per plant were recovered from naturally infested corn compared with the next best host plant across both years. Larval recovery from noncorn host plants varied widely. Fewer adults emerged from overwintering weed stubble than from corn stubble, and the parasitoid Macrocentris grandii (Goidanich) was found associated only with corn stubble. Survival on plants infested with corn borer larvae was consistently higher on corn than on other plants. In a laboratory study, the number of corn borer tunnels in corn was double the next best host, ragweed. Noncorn hosts appear unlikely to provide a substantial number of corn borer individuals susceptible to B. thuringiensis (Berliner) in comparison with the number expected from the 20% planting refuge mandated by EPA registration of Bt-corn. Evidence from these studies do not support a recommendation of reduced refuge planting areas in the northeastern United States.
THE EUROPEAN CORN borer, Ostrinia nubilalis (Hü bner)is a major pest of corn in North America (Ostlie et al. 1997 ). In the northeastern and mid-Atlantic states, it causes losses estimated at $8-$10/ha (Anonymous 1990 Ð1995, USDA 1995 . Despite these losses, most farmers in the Northeast have not treated corn for European corn borer because no effective, economically viable pest management tactic has been available. Bt-corn hybrids, in which a gene from a bacterium, Bacillus thuringiensis subsp. kurstaki, is spliced into the DNA of corn plants, have the potential to be a viable management option for European corn borer in the Northeast (McGaughey and Whalon 1992) . Bt-corn offers season-long, essentially complete protection against injury from the European corn borer. This is an advance over insecticides that were often ineffective because of weather conditions and other factors that made it difÞcult to apply applications properly to control this multivotine pest (USDA-ERS 1999) . Of the 31.4 million ha of corn grown in the United States in 1999, Ϸ19% (5.97 million ha) were planted with Bt-transformed corn and an additional 5% (1.57 million ha) were planted to corn containing stacked genes for insect resistance to B. thuringiensis and herbicide tolerance (James 1999) .
One potentially serious problem with the widespread adoption of Bt-corn is the development of resistance within European corn borer populations (McGaughey and Whalon 1992 , Tabashnik 1994 , Alstad and Andow 1995 . The resistance management program required by the Environmental Protection Agency (EPA) mandates that a minimum 20% of each Bt-corn Þeld be planted with nontransformed corn as a "refuge" where European corn borer larvae are not exposed to plants with the Bt-toxin (NCGA 2000) . This refuge area provides a pool of European corn borer adults, with Bt-susceptible alleles, to mate with any resistant survivors emerging from the Bt-corn, thus prolonging the local populationÕs susceptibility to the Bt toxin (Roush 1996; Gould 2000) . Adjacent external refuges that are free from insecticidal treatments have been suggested to be the most effective refuge areas for delaying resistance (Frutos et al. 1999) . One Þeld test of this hypothesis, a study on the diamondback moth, Plutella xylostella (L.), on broccoli, suggests that a separate untreated refuge was more effective at conserving susceptible alleles in the population than a mixed refuge of B. thuringiensis and nontransformed plants, or a separate treated refuge (Shelton et al. 2000) .
Lack of data on several aspects of European corn borer behavior and ecology has hindered the devel-opment of the resistance management programs that are tailored to local conditions. One unresolved issue is the importance of noncorn hosts as refuges for susceptible European corn borer. The European corn borer has a host range of Ͼ200 plants, including other crops such as potato, peppers, beans (snap, dry, lima), oats, cotton, wheat, sorghum, soybeans (Mason et al. 1996) , and weeds such as barnyardgrass, smartweed, cocklebur, ragweed, and pigweed (Caffrey and Worthley 1927, Hodgson 1928) . The extent to which European corn borer uses noncorn plants as hosts and their value as external refuges for Bt-susceptible individuals has not been fully studied.
Weeds are of particular interest as untreated refuges because they often occur on the edges of cornÞelds and are known to serve as "action sites" where European corn borer adults aggregate to drink water and mate (Showers et al. 1976 , Derozari et al. 1977 . Eggs can be deposited directly onto these alternate hosts, or Þrst-instar larvae can "balloon" out (Hodgson 1928 ) of cornÞelds to colonize them. Early Þeld surveys found high infestation levels in weeds, where up to 100% of the weeds in some cases exhibited eggs, tunnels, or larvae (Caffrey and Worthley 1927 , Neiswander and Huber 1927 , Hodgson 1928 , Huber et al. 1928 ). However, in experimental studies, larval recovery rates from infested plants ranged between 0 and 8% of the plant (Huber et al. 1928) . Recent research in Iowa has conÞrmed that a substantial number of European corn borer egg masses are oviposited on weeds, but a relatively small proportion of these individuals reach maturity on these plants (R. Hellmich, personal communication).
Although cornÞelds are less likely to be bordered by other crops than weeds, crops other than corn may be important in some areas because of their high plant densities. Even if a relatively low proportion of individuals develop on noncorn hosts, these plants may be abundant enough to provide a substantial number of susceptible European corn borer adults.
The relative abundance of noncorn hostplants varies widely between regions in the United States. As a proportion of U.S. totals, the Heartland, comprising mostly northcentral states, has more cropland (27%) than the Northern Crescent region (9%), which includes New York, Pennsylvania, New Jersey, New England, Michigan, Wisconsin, and parts of other states (USDA-ERS 1999). The cropland within the Northern Crescent is planted to very diverse crops. A resistance management program developed for the Heartland, with a predominance of corn and soybeans as a ground cover, may not be appropriate for the Northern Crescent region because of the much higher vegetational diversity bordering croplands. SpeciÞ-cally, refuge requirements designed for the Heartland may be unduly large and costly for farmers in the Northern Crescent region if adequate natural refuges exist outside their Bt-corn Þelds. If a signiÞcant number of European corn borers complete development on untreated noncorn hosts and if these individuals could mate with European corn borer from Bt-corn, then the proportion of corn acres needed for a refuge area could be greatly reduced. In this study we assessed adult European corn borer emergence, egg recruitment, and larval survival from Þeld corn and noncorn hosts at two sites in the Northeast to determine each hostÕs relative value as a refuge in a resistance management program.
Materials and Methods
Plot Design and Planting. Similar experiments were conducted in New York and Pennsylvania. In New York, our replicate blocks of crops and weeds (each 21 by 9 m) were planted 7.6 m apart in Ithaca at the H.C. Thompson Vegetable Crops Research Farm (see Fig.  1 ). An area (7.6-m wide) of Saratoga bromegrass (5.6 kg/ha) was planted between blocks and surrounding the plot to provide "action sites" for adult aggregation and mating (Hellmich et al. 1998) . Crops were planted randomly in plots (9 by 3 m) within each block, and weeds were randomized in plots 3 by 1.5-m. Four rows of Þeld corn (Pioneer 37M81) were planted (64,444 seeds/ha; 76-cm row spacing) in early June (early corn) and Ϸ1 mo later (late corn). Corn rows were side-dressed with fertilizer (N:P:K, 20:10:10); 336 kg/ ha) once during the growing season. Oats (ÔOgleÕ) were planted (101 kg/ha; row spacing Ϸ20 cm) with fertilizer (20:10:10; 225 kg/ha) in mid-May. Soybean plots were fertilized (10:20:20; 111 kg/ha) before planting in mid-May at 74 kg/ha with Ϸ20-cm row spacing. Potatoes (1998 Superior variety, 1999 were cut in two-eyed pieces and planted (0.9-m row spacing; 23 cm apart; not hilled) manually in early May. Pesticides were applied only to potatoes for control of potato leafhopper (imidacloprid; 53 g [AI]/ha) and potato leaf blight (chlorothalonil; 1,262 g [AI]/ha). Colorado potato beetle adults and larvae were controlled manually.
In Pennsylvania, the general plot design in both 1998 and 1999 was the same as that described above for New York. Four rows of Þeld corn (Dekalb 595) were planted (64,444 seeds/ha; 76-cm row spacing) on 15 May (early corn) and 1 June 1998 (late corn). In 1998, corn rows were fertilized using 151 kg/ha of (N:P:K, 10:30:10) at planting, 185 kg/ha of ammonium nitrate before planting, and then side-dressed with urea ammonium nitrate solution (30% N) at 12.5 kg/ha of nitrogen during mid-whorl stage. Weed plots were established on 18 May 1998. Oat (Hercules) plots were planted (101 kg/ha; row spacing Ϸ20 cm) on 18 May 1998 and fertilizer was applied at 145 kg/ha (10:10:10). For soybeans, DeKalb 303 (a Roundup Ready variety) was planted on 19 May 1998. Potatoes (Katadin) were cut in two-eyed pieces and planted (0.9-m row spacing; 23 cm apart; not hilled) manually. Imidacloprid (223.4 g [AI]/ha) was applied at planting to control Colorado potato beetle. Four rows of Þeld corn (Dekalb 493, Roundup Ready) were planted (64,444 seeds/ ha; 76-cm row spacing) on 4 May (early corn) and 21 May 1999 (late corn). In 1999, corn rows were again fertilized using 151 kg/ha (N:P:K, 10:30:10) at planting, 185 kg/ha of ammonium nitrate before planting, and then side-dressed with urea ammonium nitrate solution (30% N) at 12.5 kg/ha of nitrogen during mid-whorl stage. On 7 May 1999, the corn plots were sprayed with atrazine (1,274.6 g [AI]/ha), S-metolachlor (4,285.3 g [AI]/ha), and glyphosate (1,797.1 g [AI]/ha) for weed control. Weed plots were planted on 6 May and Þrmed with steel packing wheels at planting for good seed-to-soil contact. Oat (ÔHer-culesÕ) plots were planted (101 kg/ha; row spacing Ϸ20 cm) on 7 April 1999 and fertilized on 9 April at 224 kg/ha (10:20:20) . Soybeans (DeKalb 303, a Roundup Ready variety) were planted on 7 May 1999. Potatoes (Katadin) were cut in two-eyed pieces and planted (0.9-m row spacing; 23 cm apart; not hilled) manually on 18 May 1999. On 18 May, the potatoes were fertilized at 1,346 kg/ha (N.P.K., 10:10:10). On 4 June 1999, the potatoes were sprayed with Turbo 8 EC at 2.9 liter/ha. Because of periods of dry conditions in 1999, the study was irrigated for 3 h on 10 June and 15 July (Ϸ7.6 cm of water per application).
The weeds that were planted are known European corn borer host plants (Hodgson 1928 ) distributed widely throughout the Northeast and often found on cultivated land (Uva et al. 1997) . At the New York site, seeds of each weed speciesÑ giant foxtail, Setaria faberi; barnyardgrass, Echinochloa crus-galli variety frumentacea; lambsquarter, Chenopodium album; Pennsylvania:, smartweed, Polygonium pensylvanicum; redroot pigweed, Amaranthus retroflexus; common ragweed, Ambrosia artemisiifoliaÑ were broadcast by hand in separate plots adjacent to early and late corn in each block. In 1999, weed seeds were germinated in a greenhouse and seedlings were transplanted to the Þeld plots in early June. Because ragweed and smartweed seeds did not germinate in 1999, wild plants of these two species were transplanted to the experimental blocks from sites nearby. Manual weed control and overhead irrigation were used as needed to maintain the blocks throughout the Þeld season. The same weeds were established in a similar manner at the Pennsylvania site in both years. Although pure stands of weeds were sown into a plot area, a mixture of weeds emerged in each plot. Rather than rogue out unwanted weeds and reduce the amount of cover in a plot, all weeds were left, and 20 plants of each species were selected randomly as experimental plants for egg and larval sampling. This mixture of weeds was more similar to natural conditions and provided a better microclimate.
Assessment of Natural European Corn Borer Populations. European Corn Borer Egg Masses and External
Larvae. To determine natural European corn borer population densities, individual plants of each crop and weed species were scouted for 5 wk, timed when both univoltine and second-generation bivoltine European corn borer adults were ovipositing. One hundred individual plants, 25 per replicate block, were located and ßagged. Crops were located in the center rows of each plot. Plants of each weed species, in one of the two plots in a block (next to early or late corn), were chosen around a random center point. Twice weekly all plant surfaces were inspected for egg masses and larvae. The number of egg masses and the number of larvae found were totaled separately for each of the four replicate blocks. For statistical comparison with a one-way analysis of variance (ANOVA) (GLM procedure, SAS Institute 1990), egg mass numbers from Pennsylvania and New York and the number of larvae from New York (none found in Pennsylvania) were log-transformed and analyzed separately.
Larvae in Host Plant Stalks. In Pennsylvania, larval infestations for the two planting dates of Þeld corn were assessed in early September by dissecting 20 consecutive corn plants in a row. Corn plants were searched thoroughly by peeling off each leaf and looking for any evidence of feeding or stalk entry. When evidence of feeding was observed, then a close inspection of the leaf collar area was undertaken to Þnd a live larva. After searching the exterior of the stalk, the plant was then split longitudinally and the number of live larvae was counted for each stalk. In addition, each ear was also searched thoroughly for live larvae. The total number of live larvae and tunnels was recorded for each plant. A similar method was used to assess larval infestation levels in the weed and noncorn hosts. For these species, 20 plants were dissected in each replication and thoroughly searched for live larvae. The oat plots were sampled just before harvesting in late July.
Adult Emergence. Corn and weed stubble was collected from Þve farm sites in Tompkins and Cortland counties, New York and Þve farms in Center County, Pennsylvania. Weed stubble was collected adjacent to cornÞelds, except at sites where borders of cornÞelds were extensively mowed or corn was planted very close to natural or artiÞcial boundaries. At these sites, weeds were collected as close to the corn as possible. Ten 1-m 2 areas of corn stubble and 10, 1-m 2 areas of weed stubble were marked at each site, cut close to the soil, and placed in plastic bags for transport to the H. C. Cages of corn and weed stubble were monitored every 1Ð3 d from late May to mid-July for emerging spring adults (in both states) and parasitoids (in New York only) that subsequently were identiÞed and counted. European corn borer data sets from Pennsylvania and New York and parasitoid data from New York were log-transformed and analyzed separately by a one-way ANOVA (GLM procedure; SAS Institute 1990).
It should be noted that the weed samples collected around the Þeld margin were not taken at random but were drawn from areas with signiÞcant weed densities. A random sample would have resulted in many samples with little weed residue or residue of weed species that do not support European corn borer larvae. Although Pennsylvania and New York agricultural landscapes are very diverse, cornÞelds and the margins around the Þelds were quite low in weed residue, limiting habitat for overwintering European corn borer larvae. Even with the selection of patches of large weeds that were known hosts, very few adults were recovered from the noncorn stubble. For this reason, the study was not repeated in 1999.
Assessment of Larval Survival Following Infestation. Comparative Survival on Plants in the Field. A cohort of each crop and weed species in each of the four replicates in New York was artiÞcially infested (Guthrie and Barry 1989) with European corn borer larvae from a colony maintained in the Department of Plant Breeding at Cornell University (Chareinsuk 1983 ). An infestor (Guthrie and Barry 1989) calibrated to 20 larvae per "shot" was used to place 40 neonate larvae in corn grits on each individual plant, or plants were infested in sections, with the total number of larvae per section divided by the number of plants infested per section to get the larvae per plant rate (Table 2) . For hostplants infested in sections, the mean of the four rates (one per each block) is listed (Table 2) . For oats, the number of plants in a row was estimated from the number of plants in a 1-m section of one row. Thirty corn, potato, and soybean plants were infested individually. Thirty shots of larvae were placed along a row of oats and within an area (1.2 by 3 m) of each weed species. Plants were infested on 2 consecutive days. In 1998 we infested plants when corn was at the whorl stage and again on the developing second ear. Because potatoes and oats matured early, these two crops were infested only once. All individually infested crop plants, or weeds within an infested section, were destructively sampled for European corn borer overwintering larvae at the end of the growing season. One hundred oat plants were chosen randomly along each of the four rows for sampling. All above ground parts of the plants were split, and the number of larvae and tunnels (without corn borers) was recorded. These procedures were repeated in 1999 except for differences as follows: in 1999, drought conditions slowed the corn development, so plants were infested only once, at the whorl stage. As individual weeds had been transplanted from either greenhouse culture or from wild collection sites to the plots, half of the total number of each weed species in one plot per replicate were infested and sampled.
Data were analyzed as the number of larvae recovered per plant as a proportion of the original infestation rate. Each block was treated as a replicate in a one-way ANOVA (SAS Institute 1990) to look for plant effect. Differences between means were tested for signiÞcance with Bonferroni t-tests.
Comparative Survival on Plants in the Laboratory. Studies were conducted in a walk-in growth chamber at Pensylvania State University during the summer of 1999 to evaluate the acceptability of common weed species as hosts of the European corn borer compared with corn. The study utilized completely randomized design with 6 treatments and 10 replications of each of the following plant species: corn, ragweed, pigweed, yellow foxtail, Setaria glauca; lambsquarter, and velvetleaf, Abutilon theoplrasti. The weeds were dug from the Þeld and transported to the growth chamber. Each plant in the study was infested with 10 neonate larvae, which were allowed to colonize the plants. After 14 d, each plant was dissected and the number of plants with tunnels, the number of tunnels, and the total tunnel length in each plant were recorded. The effect of plant species on the number of tunnels and total tunnel length were analyzed with a one-way ANOVA (SAS Institute 1990) and means were separated using the least signiÞcant difference (LSD) test. The effect of plant species on the number of plants with tunnels was analyzed with the Fisher 2-tail exact test for a six by two contingency table, and proportions were separated using paired maximum likelihood tests (PROC CATMOD SAS Institute 1990).
Results

Assessment of Natural Corn Borer Populations.
At the Pennsylvania site, more egg masses were found on corn than on noncorn plants (Fig. 2 , P Յ 0.001). On noncorn plants, egg masses were found only on lambsquarter and pigweed, and not on potato, oats, soybean, ragweed, giant foxtail, smartweed, or barnyardgrass. In New York, egg masses were found only on corn plants and not on potato, soybean, oats, lambsquarter, pigweed, giant foxtail, or barnyardgrass. The number of egg masses per plant was thus higher (P ϭ 0.0373) than the amount collected on all the other crops and weeds scouted. In New York, a small number of larvae were observed on both corn and noncorn plants (potato, soybean, oats, lambsquarter, pigweed, giant foxtail, and barrnyardgrass; Fig. 2 ). The number of larvae found per corn plant was not different from noncorn plants (P ϭ 0.1717).
The number of European corn borer larvae recovered per plant varied among host plants (P ϭ 0.001; see Table 1 ). More larvae were recovered from corn than from any of the other plants sampled in Pennsylvania in both 1998 and 1999 (Table 1 ). In 1998, fewer larvae were collected per stalk from late-compared with early-planted corn and larvae were recovered from several other plants. The only noncorn plant yielding larvae in 1999 was ragweed, and only two larvae were found in the 62 plants that were dissected. The severe drought conditions in the northeastern United States (Friedlander 2000) was likely a contributing factor to the overall low Þnal infestation rates seen at the end of that growing season.
In both New York and Pennsylvania, fewer European corn borer adults emerged from weed stubble compared with corn ( Fig. 3 , P ϭ 0.0016). Parasitoids were assessed in mesh cages only at the New York site where M. grandii was found associated with corn but not weeds (P ϭ 0.0003).
Assessment of Larval Survival Following Infestation. Survival of European corn borer larvae following Þeld infestations for all noncorn hosts was different from corn except for potato in 1998 (Table 2 ). In 1998, more tunnels were found in corn plants than in all other plants except barnyardgrass. In 1999, the proportion of several noncorn host plants exhibiting tunnels was not different from early corn and several were higher than late corn.
In the laboratory study of larval survival there were signiÞcant treatment effects of host plant on the proportion of plants with tunnels (Table 3 , P ϭ 0.034), the mean number of tunnels per plant (P ϭ 0.012), and the mean total tunnel length per plant (P ϭ 0.007). Tunnel lengths were signiÞcantly longer in ragweed and corn than in lambsquarter, velvetleaf, pigweed, and foxtail. Ragweed and corn also had almost double the percentage of plants with tunnels compared with other plant species.
Discussion
The proportion of adult herbivores arising from any single host plant species is a function of recruitment on that plant and the suitability of the plant for development of the immature life stages. These aspects which dictate the "productivity" of the plant species for the focal herbivore are usually referred to as host "preference," which is often measured by comparisons of oviposition rates among several plants, and "performance," which is usually a measure of larval survival (Thompson 1988) . Based on both European corn borer oviposition preference for corn over other hosts and performance of European corn borer larvae on corn versus other host plants, on a per plant basis, we found very little evidence to suggest that a substantial proportion of European corn borer larvae develop to adults on plants other than corn. Under the best scenario based on the number of larvae per plant, our data from Pennsylvania in 1998 indicate that a combination of ragweed, foxtail, smartweed, and barnyardgrass would probably not produce as many individuals as non-Bt-corn alone.
Although European corn borers deposit eggs on many other plants, our data indicate they exhibit a signiÞcant preference for oviposition on corn. The strength of the preference we observed might have been inßuenced by planting dates and relative growth rates of corn compared with the other plants in our Þeld plots. European corn borer preference for corn as a host plant is affected by the relative growth stage of the corn compared with the growth stage of other potential host plants growing nearby (Derridj et al. 1989) . Under some conditions, noncorn hosts may be more attractive locally as oviposition sites than corn because of their relative phenology (Anderson et al. 1984) . However, a range of corn plant growth stages will often be available even on a small spatial scale because of variation in planting dates (as demonstrated by our results), developmental differences among hybrids, and variability in growing conditions between and within Þelds. Combining our results with those of previous studies on European corn borer oviposition leads to the prediction that most European corn borer eggs will be oviposited on corn in the Northeast.
Although the proportion of eggs being oviposited on plants other than corn was very low on a per-plant basis, these plants could still make a signiÞcant contribution to the European corn borer population because of their high densities. For example, a small grain Þeld (i.e., wheat, barley, oats) may have a plant density of 200/m 2 compared with 7/m 2 for corn. Willson (1980) reported severe European corn borer infestations of wheat and noted some pupation within the stalks. Thus, some noncorn plants might represent productive habitats on a per-area basis even if oviposition rates on a per-plant basis are low.
Very little data are available to test the broad scale question of the importance of noncorn hosts for European corn borer populations. However, the 1997 growing season provides circumstantial evidence that noncorn hosts play a minor role in European corn borer population dynamics. In the northeastern and mid-Altantic states, rainy conditions during the Þrst 3 wk of May delayed the majority of corn planting. Overwintering European corn borer larvae, however, developed at a faster than normal rate because of warm spring conditions. The resulting adults emerged before most Þeld corn was at a stage conducive for oviposition. European corn borer females lay few eggs on corn plants before they reach the Þfth-leaf stage (S. M. Spangler and D.D.C., unpublished data). In 1997, the majority of Þelds did not reach this stage until after the spring ßight was completed. The result was a major collapse in the European corn borer population in this region. If alternative hosts play a major role in the pestÕs population dynamics, one would expect females to increase their egg laying on alternative hosts when corn is unavailable (e.g., potatoes, apples, small grains, curly dock). In the spring of 2000, Þrst-generation European corn borer populations continue to remain low, only slightly increasing in density across the region after 1997.
Because Willson (1980) and others have reported the recruitment of European corn borer onto many noncorn hosts, it would appear that the relative unimportance of these hosts for corn borer population dynamics is at least partly caused by the suitability of these plants for complete European corn borer development. One indication of a possible lack of suitability of noncorn hosts is the presence of larval exit holes noted on wheat (Willson 1980 ) that we also observed on plants with smaller stem diameters (Losey et al., unpublished data) . This observation may indicate that many noncorn host plants are incapable of providing all the requirements for European corn borer survival and development. Immature European corn borers require protected feeding sites on outer surfaces of the plant for the Þrst two larval instarsÑa stalk or stem which can be penetrated during the third larval instar, and a stem diameter large enough to accommodate Þfth-instar larvae (Beck 1987) . The results of our laboratory study highlight the importance of protected feeding sites and susceptibility to penetration. In the laboratory, the plant species with the highest levels of European corn borer survival were more succulent and offered a leafÐstem interface with a tight area for neonate larvae to establish. Tunnel length and number of tunnels per plant were extremely low for all treatments, including corn. The shortness of tunnels was an indication of the short period of time that neonate larvae were able to survive on the plants. As the weeds matured over the two weeks of the study, their stem tissue increased in toughness. The host species with the toughest stemsÑ lambsquarter and velvetleafÑ had the lowest numbers of surviving larvae and the shortest tunnel lengths.
Research in Iowa and New York suggests that one of the other main factors preventing European corn borer larvae from completing development in noncorn plants is inadequate stem diameter (Hellmich, personal communication); Losey et al., unpublished data) . Once the stem begins to restrict growth, the larvae bore out and disperse (unpublished data). This raises the possibility that many noncorn plants may serve as "nursery plants" which support partial but not complete European corn borer development. We found many more tunnels than European corn borer larvae in noncorn plants (Table 2 ) and many of the tunnels had multiple openings. Because such a high proportion of plants seems to be abandoned, it appears that only a small proportion of the eggs oviposited on noncorn plants will complete development on those plants. This evidence is consistent with the nursery plant hypothesis.
The utilization of nursery plants by the European corn borer could have important implications for resistance management. As part of the high-dose/refuge strategy, Bt-corn plants are designed to express a dose of toxin high enough to kill partially resistant individuals, speciÞcally heterozygotes carrying a single resistance allele (McGauhey and Whalon 1992) . However, most toxicological studies of the efÞcacy of Btcorn are run with neonate larvae. If late-instar larvae, which can survive much higher doses of the Bt-toxin (Huang et al. 1999 ), disperse to corn plants from nursery plants near cornÞelds, partially resistant individuals might survive and thus decrease the effectiveness of the resistance management program. This phenomenon may have already been observed. Late-instar larvae have been found infesting some Bt-corn hybrids in the Þeld (Ostlie et al. 1997) , and it seems likely that these individuals were not resistant but rather that they had developed through their early instars on nursery plants (Huang et al. 1999 ).
In conclusion, our data indicate that although noncorn plants do not appear to be important refuges in the Northeast, their role as nursery plants merits further consideration. SpeciÞcally, more data are needed on the proportion of the European corn borer population that uses nursery plants and subsequently colonizes corn, particularly in years when European corn borer population levels are high. Quantifying these parameters will facilitate the design of the most effective resistance management programs.
